Pectin was extracted from cocoa husk using two solvents (ammonium oxalate and acetic acid), extraction times (60 and 120 min) and pH (1.6, 2.6, 3.6 and 4.6). The pectin characteristics were yield, moisture content, ash content, equivalent weight, methoxyl, anhydrogalacturonic acid and degree of esterification. The result showed that the yield of pectin was 10.44 to 17.30%, the moisture content was 10.46 to 12.35%, ash was 8.45 to 12.93%, equivalent weight was 510.68 to 645.19, methoxyl was 4.62 to 6.01%, anhydrogalacturonic acid of 55.04 to 63.54% and the esterification degree of 45.26 to 55.31%. Ammonium oxalate was effective at pH 4.6, while the acetic acid was effective at pH 2.6 in pectin extraction. The extraction time for 120 min gave a higher yield compared to 60 min. Ammonium oxalate at pH 4.6 for 120 min has given the highest yield of pectin.
INTRODUCTION
Cocoa husk is a waste product from the cocoa industry, and at present is a serious disposal problem. The increasing process of cocoa beans brings increasing wastes and this is a good reason to come up with a useful outlet for this by-product (Redgwell et al., 2003) .
One of the potential researches to increase economic value of cocoa husk is as a source of pectin. Pectin is a polysaccharide mainly consists of a back bone of 1,4-linked α-D-galacturonic acid (GA) units partly methylesterified (Seggiani et al., 2009) .
It is commonly found in the cell walls and the middle lamella of higher plants (Voragen et al., 1995) . This polysaccharide consists of 300 to 1000 chains of anhydrogalacturonic acid units (Yeoh et al., 2008) . Pectin *Corresponding author. E-mail: naza@ukm.my.
has widely application in food industry as a thickener, an emulsifier, a texturizer and stabilizer. Pectin usually added in jams and jellies as a gelling agent. It has also been used as fat replacers in spread, ice cream and salad dressings.
In term of nutrition, pectin has been considered to lower blood cholesterol levels and low density lipoprotein cholesterol fraction which give benefits to human health (Liu et al., 2006) . In addition, pectin fibers may be used for preparation of various dietary products which could be useful in the prevention of hyperlipidemia as well as large bowel cancer (Iglesias and Lozano, 2004) .
Moreover, Nikolic and Mojovic (2007) added that some pectin derivatives have been used for preparation of polysaccharide-based vaccines and for drug delivery pharmaceuticals.
Pectin has show potential pharmaceutical uses and is presently considered as a carrier material in colon-specific drug delivery system (Sriamornsak and Nunthanid, 1998) . Two studies by Ashford et al. (1993) and Rubinstein and Radai (1993) was firstly demonstrated the potential of pectin or its salt as a carrier for colonic drug delivery. The justification for this is that pectin and calcium pectinate will be degraded by colonic pectinolytic enzymes (Englyst et al., 1987) , but will retard drug release in the upper gastrointestinal tract due to its insolubility and because it is not degraded by gastric or intestinal enzymes (Sandberg et al., 1983) . Monsoor (2005) similar to Unal and Bellur (2009) described that the composition and structural entities of pectin depend on their source and extraction methods, and also caused by the activity of specific cell wall bound enzymes. According to FAO (1969) , pectin has administered intravenously on human diet at high levels without acute toxic effects and considered as safe additive. Furthermore, based on the food and drug administration (FDA) database, select committee on GRAS substances (SCOGS) has listed pectin as one of the substances listed under the GRAS (Generally Recognized as Safe) substance (FDA, 1977) .
Pectin can be divided into two types based on the degree of esterification (DE) of the pectin. Pectin with DE higher than 50%, called high methoxyl pectin (HMP), will form gel with sucrose at pH lower than 3.5, while low methoxyl pectin (LMP; DE < 50%) will form gel in the presence of calcium ion (Mesbahi et al., 2005; Iglesias and Lozano, 2004; Levigne et al., 2002) . Pectin can be obtained from many sources with variation of yield percentage. Citrus peels and apple pomace are the major raw materials used for the production of commercial pectin by using acid extraction method with the yield about 25 and 12% pectin (May, 1990) . Other sources such as mango peels, sugar beet and sunflower head residues consist of 10-20% pectin and soy hull pectin about 26 to 28% (Kalapathy and Proctor, 2001) . For these reason, we are interested to produce pectin from the cocoa husks as an alternative source for apple and citrus pectin.
Several methods about extraction of pectin had been described by previous scientists, but for cocoa husks still limited. Adomako (1972) had been studied about pectin extraction of cocoa husk using acetic acid, Mollea et al. (2008) extracted the cocoa husks with water (1:25, w:v), acidified or not with HCl, at 95°C, for 1 h or more. The process was optimized based on pH and temperature. The yield of pectin obtained was about 6-9% depending on the extraction condition. Acidic condition was the most suitable for recovery the pectin from cocoa husk. The best yield was obtained at pH 2.5 and 1 h extraction time. Although the yield of pectin from cocoa husk was quite low, but cocoa husk also can be considered as an alternative source for pectin.
The aim of this study was to evaluate the impact of ammonium oxalate compared to acetic acid at different times and pH of extraction on the physicochemical properties of pectin from cocoa husks.
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MATERIALS AND METHODS
The cocoa fruits were obtained from Ladang Serborne Kuala Lumpur Kepong Bhd, Pahang Malaysia. Variety of cocoa fruits choosed was Chlone Prang Besar No. 123. The cocoa fruits were washed with water to remove any impurities such as sand and cut into two parts, then the cocoa seeds was separated from cocoa husks. Cocoa husk was chopped into pieces of 1 cm 2 using a stainless steel knife. The husk was then immersed into sodium metabisulphite to prevent browning reaction. The cocoa husk was dried using vacuum oven for 8 h at 50°C. Next, the dried cocoa husks were ground into powder by using a grinder.
Extraction procedures
The extraction conditions were applied using ammonium oxalate and acetic acid for 60 and 120 min at pH 1.6, 2.6, 3.6 and 4.6. About 20 g of dried husk was stirred with 200 ml at 85°C of each of the foregoing extracting solutions. After extraction, the slurries were filtered through cheesecloth and squeezed until the liquid came out as much as possible. The residue was extracted again to obtain pectin; although, it is still lagging. The filtrate of both extraction processes were mixed together. Pectin was precipitated by adding 3 volumes (600 mL) of ethanol 95% and let for overnight. The precipitate was filtered with a Whatman No. 1 qualitative filter paper. Pectin was purified by washed three times with ethanol 95% (each time 100 mL ethanol), three times with ethanol 99% (each time 50 mL) again, and finally dried using vacuum oven at 40°C for 8 h.
Analysis and characterization of pectin
Moisture and ash content
Moisture and ash content was determined according to the Association of Analytical Chemists (AOAC) methods (AOAC, 1990) . The moisture content was determined by oven drying method. The pre-dry aluminum weighing dish was initially weighed followed by 1 g of pectin plus that aluminum weighing dish. Then, the sample was placed into an oven at 105°C for overnight. Lastly, the sample was allowed to cool down in desiccators before weighed again to get the dry sample weight. For the ash content determination, porcelain crucibles was initially dried in muffle furnace at 600°C for 3 h and then was put into desiccators before weighed. 1 g of sample then was put into that porcelain crucibles and put into the muffle furnace at 600°C for 3 h. Then it was allowed to cool down in desiccators before it was weighed.
Equivalent weight
Equivalent weight, methoxyl content and anhydrogalacturonic acid (AGA) were determined by the standard methods of Owens et al. (1952) . Equivalent weight was done by weighing 0.5 g pectin (moisture free) in a 250 ml conical flask, moistened with 5 ml ethanol, added 1 g of sodium chloride to sharpen the end point, added 100 ml of carbon dioxide free distilled water and 6 drops of phenol red indicator. The pectin substances were stirred rapidly to dissolve, and then titrated slowly with 0.1 N NaOH until the colour of the indicator changed (pH 7.5) and persisted for at least 30 s. The neutralised solution was saved for methoxyl determination.
Methoxyl content
Methoxyl (MeO) content was determined by adding 25 ml of 0.25 N 
RESULTS AND DISCUSSION
Yield
The yield of the cocoa husks pectin expressed as dry weight of the extract varied from 10.44 to 17.30%, depending on the extraction condition used. The highest percentage of pectin (15.59%) obtained was on extraction with ammonium oxalate and with 120 min extraction time (Figure 1 ). The study Koubala et al. (2008a) and Koubala et al. (2008b) on the pectin from the skins of ambarella, mangoes and oranges that are extracted using ammonium oxalate also give a higher yield compared with hydrochloric acid and deionised water. Extraction time 120 min was more effective than 60 min either using ammonium oxalate or acetic acid, but no significant differences. Yujaroen et al. (2008) stated that the longer the extraction time, the higher the percentage of pectin derived. Ammonium oxalate was more effective in extracting pectin at pH 4.6 (15.38%) but not significantly different with a pH 3.6, while the acetic acid was more effective to extract pectin at pH 2.6 (12:57%) that is not significantly different with pH 1.6 (P>0.05) (Figure 2 ). In addition, during the extraction process carried out, the problems of liquid pectin extracted at pH 1.6 with acetic acid had a red color and caused pectin was separated red. This happened just as the study conducted by Mollea et al. (2008) on the extraction of pectin from cocoa husks with hydrochloric acid. In this investigation, the red color appeared on the extraction conditions of pH 1.5 and 1.0. Mollea et al. (2008) stated that the red color arise due to the presence of other compounds such as tannins which is one component of cocoa husks extracted together with pectin.
Moisture content
The moisture content of pectin was 10.46 to 12.15%. This value was quite high compared to soy hull pectin (6 to 7%) (Kalapathy and Proctor, 2001 ). This might be due to incompletely drying process of the samples. Based on the quality standards of commercial pectin, all of pectin is produced to meet the standards are not far above 12%. pH 1.6 2.6 3.6 4.6 
Ash content
Ash content of the pectin was 8.15 to 12.93%. The highest percentage of pectin ash content obtained was the extraction with ammonium oxalate for 120 min at low pH. Cocoa husk pectin obtained in this research was categorized as pectin with high ash content. Ranganna (1977) stipulated that the pectin of high ash content contain about 10.69% ash content and the pectin of low ash content contain about 0.76% ash content.
Equivalent weight
Equivalent weight of pectin in this study was 510.68 to 645.19. The ammonium oxalate produced pectin with higher equivalent weight (580.81) compared with acetic acid (565.49), but the difference was not significant (Figure 3 ). Equivalent weight of pectin is the total content of free galacturonic acid (not esterified) in the molecular chains of pectin (Ranganna, 1977) . Therefore, equivalent weight of pectin associated with the degree of esterification and methoxyl content. According to Rouse (1977) , the higher degree of esterification causes the decrease of free acid content of pectin that the equivalent weight also increased. The extraction time (120 min) gave a lower equivalent weight (549.92) and significantly different compared with 60 min (596.39) (Figure 4 ). Long extraction time causes the depolymerization reaction and deesterification pectin become pectic acid (Kim et al., 1978) .
Extraction of pectin at pH 1.6 produced pectin with high equivalent weight (595.97) and was significantly different from the pectin extracted at pH 3.6 and 4.6 with high equivalent weight of 560.78 and 559.52 respectively, but did not differ significantly from the equivalent weight (576.35) of pectin extracted at pH 2.6 ( Figure 5 ). Low pH produced pectin with higher equivalent weight, because low pH can cause polymerization of pectin into a longer chain, up to the free acid was reduced. Decreased the amount of free acid will increased the equivalent weight of pectin. Equivalent weight pectin 1.6 2.6 3.6 4.6 pH 
Methoxyl content
Methoxyl content is defined as the number of moles of methyl alcohol in 100 mol galacturonic acid. Methoxyl content of pectin is important to control the gel strength, the setting time, the sensitivity to metal ions and to determine the functional properties of pectin solutions and pectin gel texture (Constenla and Lozano, 2003) . Methoxyl content of cocoa husks pectin was 4.62 to 6.01% (Table 1) . The highest methoxyl content of pectin obtained with ammonium oxalate at pH 1.6 for 120 min, but did not AGA content (%) pectin differ significantly from the pectin that extracted with ammonium oxalate at pH 2.6 for 60 min. Based on the number of ester groups, the type of pectin in this study was categoried as low methoxyl pectin because the ester groups were less than 50% (< 7%). It was more profitable because it can be produced directly without going through the deesterification process.
Anhydrogalacturonic acid (AGA) content
The anhydrogalacturonic acid (AGA) content of pectin was 58.08 to 63.54%. AGA content of pectin quite low at extraction time 60 min (59.56%) and significantly different with the AGA content of pectin at extraction time of 120 min (62.77%) (Figure 6 ). The AGA content will be higher by increasing time of extraction, may be caused by the hydrolysis reaction of protopectin became Danhydrogalacturonic acid that a basic component of pectin.
AGA content of pectin extracted by ammonium oxalate and acetic acid did not differ significantly. Similarly, AGA pectin extracted at pH 1.6 did not vary significantly with pH 2.6, 3.6 and 4.6 (Figure 7 ). Madhav and Pushpalatha (2002) reported that the AGA content of cocoa husks is 52.84% with a gel grade 129, while according Adomako (1972) , AGA content of cocoa husks pectin is 60%.
Degree of esterification (DE)
The degree of esterification (DE) of pectin in this study was 45.26 to 55.31%. The ammonium oxalate produced pectin with a degree of esterification was higher (51.07%) and significantly different than acetic acid (48.68%) (Figure 8 ). The extraction time of 60 min produced pectin with a degree of esterification higher (50.33%) than 120 min (49.41%) (Figure 9 ), but the difference was not significant. Longer extraction time might cause degradation process of methyl ester groups in pectin into carboxyl acid. Effect of pH on the extraction degree of esterification Degree of esterification pectin (%) pH 1.6 2.6 3.6 4.6 Figure 10 . Effect of pH on degree of esterification of cocoa husks pectin.
was displayed in Figure 10 . Pectin extracted at pH 1.6 had the highest degree of esterification (52.47%) and significantly different than pectin extracted at pH 2.6, 3.6 and 4.6. Low pH led to a higher degree of esterification of cocoa husk pectin. This was due to the degradation of methyl ester groups from pectin into carboxyl acid, which was more effective at acidic condition (low pH). The degree of esterification was the percentage of the amount of D-galacturonic acid in which the carboxyl group passed through the process of esterification with ethyl alcohol. Ptichkina et al. (2008) stated that pectin with DE> 60% is suitable for use in the food industry. The chemical characteristics of the pectin influencing the quality of the gel are DE which is related to the rate of gel formation in food industry (Pagan et al., 1999) . High DE means high gelation temperature when preparing gels by the usual procedure of mixing the hot ingredients and then solidifying by cooling. When the gel batch is cooled below the gelling temperature, gelation occurs after a delay, which is short with pectin of high DE and longer with pectin of lower DE (Daas et al., 2001 ).
Conclusion
In the study, different extraction conditions were used to extract the pectin from cocoa husks. Cocoa husks considered rich in pectin, as shown in yield obtained. But, pectin from cocoa husks was quite low quality as compared to commercial pectin. The extraction conditions had major impact on the extraction yields of pectin but did not have significant difference in others physicochemical properties. Ammonium oxalate led to higher extraction yields for cocoa husks compared to acetic acid. Further investigations need to be directed at the characterization of the extracted pectin in order to determine the quality of pectin from cocoa husks as food additive.
